Science-related careers are often considered to be less accessible by many children. More research is needed to distinguish any influences from different aspects of life so that support and/or interventions can be focused to help mitigate any disadvantage and inaccessibility. In order to gain greater understanding of constraints or influences on children's aspirations towards science-related careers, a nationally-representative cohort of 7820 children in England was considered at age 11 and at age 14. At age 11, children's science-related career aspirations were predictively associated with their ethnicity, gender, and science self-confidence, and also (at lower magnitudes) with the children
Introduction
Science-related fields are often valued within society, where technological, industrial, medical, and other innovations help improve general prosperity and people's quality of life (EngineeringUK, 2018; Institute of Physics, 2012; National Academy of Sciences, 2005) . Science-related careers are often promoted in order to maintain or increase the supply of science-related professionals, and also so that these careers might become more accessible (EACEA, 2011; Royal Society, 2014) . In England, however, relatively few children have aspired towards science-related careers and/or studied non-compulsory science subjects, including few girls, few children from some ethnic backgrounds, and few children from disadvantaged families (Elias et al., 2006; EngineeringUK, 2018; Gatsby, 2017; Homer et al., 2014; Institute of Physics, 2013 Royal Society, 2006 , 2008a , 2008b WISE, 2014) . Some differences across science-related areas have become apparent, however, for example where girls have been less likely to study engineering, computer sciences, mathematical sciences, and other physical sciences at university, but more likely to study biological sciences, medicine, veterinary science, and other subjects related to medicine (EngineeringUK, 2018; Gatsby, 2017) .
Children's aspirations may be influenced by numerous factors, including their family circumstances, their educational experiences, and their own views (Bøe & Henriksen, 2015; Regan & DeWitt, 2015) ; these may intersect or link with other aspects of life such as gender and ethnicity (Archer, DeWitt, & Osborne, 2015b; Archer et al., 2017) . Nevertheless, it remains less clear how specific aspirations, such as towards medicine/health careers, might be facilitated or constrained by these various aspects of life and develop over time. In order to gain new insights, the research presented here considered a nationally-representative cohort of children in England surveyed at age 11 (the start of secondary school) and age 14. The analysis aimed to reveal independent associations between the children's science-related career aspirations and aspects of their family circumstances, their personal characteristics, and the children's own views; the analysis also considered specific aspirations towards physical science/engineering and medicine/health fields in order to gain detailed insights. The findings offer insights for educators and wider stakeholders, within England and other countries, who may be concerned with students' progressions into science-related fields, mitigating disadvantage and increasing equity, and considering where support might plausibly be focused.
Background
Career aspirations during secondary school are especially important, as early studying choices may facilitate or constrain future career options. In England, science-related careers generally require someone to have studied science-related subjects at university, which generally requires someone to have studied sciencerelated subjects at upper-secondary school (Royal Society, 2006 , 2008a . Aspirations towards science-related careers, expressed during secondary school, have indeed predicted whether people then studied science at university and worked within science-related fields (Cannady et al., 2014; Morgan et al., 2013; Tai et al., 2006) .
Children's aspirations towards science-related careers may follow from various antecedents or be influenced in various ways. Often, children's career aspirations and/or studying choices have associated with their own views, including their self-confidence in science, their interest in science, and how useful studying or working within science is considered to be (Regan & DeWitt, 2015; Tripney et al., 2010) . For example, recent studies of children in secondary school in England have found associations between science-related aspirations and children perceiving that science is useful and interesting, having selfconfidence in their abilities in science (thinking that they 'do well' and/or 'are good' at science), engaging in extra-curricular science activities, and having support and encouragement from their parents and other people (DeWitt & Archer, 2015b; Mujtaba & Reiss, 2014; Sheldrake et al., 2017) . Children's aspirations, views, and/or their wider identification with science may nevertheless be constrained in various ways, which may ultimately reduce equitable access to science. For example, some children have considered science subjects such as physics to be 'masculine' and to require 'cleverness', which can entail that science is perceived to be less accessible to girls and for those with lower self-confidence in their abilities (Archer, DeWitt, & Osborne, 2015b; Archer et al., 2017) .
Children's science-related aspirations may also be influenced by their family circumstances, which may limit equitable access to science. Considered in general terms, levels of family advantage or disadvantage, usually considered as socio-economic status, has often associated with children's aspirations and/or their subsequent occupations (Ashby & Schoon, 2010; Berrington et al., 2016; Bukodi et al., 2015) . Children have also been more likely to subsequently work within science when their parents have had higher levels of education (Eccles & Wang, 2016; Wang et al., 2013) . Additionally, science-specific aspects of family circumstances appear to be relevant: children's science-related aspirations have associated with having parents who work in science (and/or other family members acting as science-specific role models), parents who find science interesting, and family members giving support and encouragement towards science (Archer, Dawson, DeWitt, Seakins, & Wong, 2015a; Buschor et al., 2014; DeWitt & Archer, 2015; Sheldrake et al., 2017) . Aspects of children's characteristics and family circumstances may also intersect: in England, parents from Chinese, Indian, and some other minority ethnic backgrounds have often held positive views about science, and conveyed these to their children; nevertheless, many of their children have still considered science to be linked with 'being male' and 'being White', and hence as still being less accessible (Archer, DeWitt, & Osborne, 2015b; Aschbacher et al., 2010; Wong, 2015) . As an exception, medicine and health have often been considered to be more accessible by those from minority ethnic backgrounds, given the greater visible diversity of the workforce within these areas (Wong, 2015) .
Considered from a wider perspective, medicine and health are usually classified as science-related areas, especially when considering student numbers at university (e.g. EngineeringUK, 2018; Gatsby, 2017; Royal Society, 2006) . However, less research has focused on children's aspirations towards these areas. For example, aspirations towards medicine have sometimes been encompassed within children's science-related career aspirations, where 'I would like to be a doctor or work in medicine' has been aggregated with other aspirations including 'I would like to become a scientist' and 'I would like to have a job that uses science ' (e.g. DeWitt et al., 2014) . Other studies have considered science in general terms, relying on children to interpret and answer questions such as whether they would 'like to study a science subject at university', where children may or may not consider medicine to be a science subject (e.g. Archer, Dawson, DeWitt, Seakins, & Wong, 2015a) . Clearer insights may be revealed through specifically considering children's aspirations towards different fields.
Additionally, and again from a wider perspective, it still remains less clear which aspects of life have more or less influence on children's aspirations. For example, concerns over social mobility/immobility in England may suggest the importance of family socio-economic status (e.g. Bukodi et al., 2015; Shaw et al., 2016) , while other research highlights the importance of children's own views such as their self-confidence (e.g. DeWitt & Archer, 2015; Mujtaba & Reiss, 2014) . Fundamentally, mitigating disadvantage and increasing equitable access to science requires an increased understanding of the independent influences of someone's family background, personal circumstances, and also their own views.
Research Aims
In summary, children's science aspirations may be facilitated or constrained by their family circumstances and level of advantage (e.g. Ashby & Schoon, 2010; Berrington et al., 2016) , by science-specific family circumstances (e.g. Archer, Dawson, DeWitt, Seakins, & Wong, 2015a; DeWitt & Archer, 2015) , and by their own views including their self-confidence in their abilities in science (e.g. Bøe & Henriksen, 2015; Regan & DeWitt, 2015) . More research needs to distinguish the independent influences of these different aspects of life so that support, encouragement, and/or interventions can be focused, essentially to help mitigate any disadvantage/inaccessibility so that children's aspirations are not unnecessarily constrained. Additionally, less research has considered specific aspirations towards medicine/health careers.
As part of a wider programme of work, the research presented here explored these areas through considering the Millennium Cohort Study. The Millennium Cohort Study surveyed children/families in England when the children were aged 9 months in 2001, aged 3 in 2004, aged 5 in 2006, aged 7 in 2008, aged 11 in 2012, and (most recently) aged 14 in 2015 (Fitzsimons et al., 2017; Ipsos MORI, 2017) . The research presented here considered the age 11 and age 14 surveys in order to explore changes occurring during the initial years of secondary school (which starts at age 11 in England). The research aimed to reveal and quantify how the children's science-related career aspirations independently associated with various indicators of their family background, personal characteristics, and personal views. In order to gain new and greater insights, specific aspirations towards physical science/engineering careers and medicine/health careers were also considered.
Methods

Sample
The Millennium Cohort Study follows a nationally-representative cohort of children in England who were born between the start of September 2000 and the end of August 2001 (Fitzsimons et al., 2017) . While the cohort initially consisted of 11695 children in England, the latest survey covered 7820 of these children when they were aged 14 in 2015; applying the latest sample-weighting during analysis ensured that the results still generalise to the national population, accounting for attrition and the original complex sampling approaches (Fitzsimons et al., 2017) .
Measurement
When the children were aged 11 and aged 14, the children and their parents/guardians completed separate questionnaires (Fitzsimons et al., 2017; Ipsos MORI, 2017) . The analysis focused on areas that were consistently measured at both times in order to explicitly explore changes over time, while including indicators of the children's personal characteristics and their family background.
Science-related Aspirations and Occupations
At age 11 and age 14, the children reported their aspirations via writing free-text responses to 'When you grow up what would you like to be?' as part of the children's questionnaire. The survey organisers then converted the children's responses into 'Standard Occupational Classification 2010' (SOC2010) codes (Fitzsimons et al., 2017; Office for National Statistics, 2010a) . Concurrently, the parents' and/or guardians' occupations were collected (via the parental/guardian questionnaires for these two time points) and similarly converted to SOC2010 codes.
The research presented here classified the SOC2010 aspiration/career codes as being 'science-related' (or not) using the criteria from the Organisation for Economic Co-operation and Development (OECD), in order to maximise comparability with international research (OECD, 2016) . Accordingly, 'science-related' aspirations and occupations encompassed science/engineering, medicine/health, and information/technology professionals, and also technicians (OECD, 2016, pp. 282-283) . Within science/engineering, the definition encompassed natural/physical scientists (across biology, chemistry, and physics, including astronomers and geologists/geophysicists), engineers (including civil, mechanical, electrical, and electronics engineers), and also conservation/environmental and architectural professionals; within medicine/health, the definition encompassed doctors, dentists, veterinarians, nurses, and various specialists, but excluded psychologists and therapists (OECD, 2016, pp. 282-283) . The definition excluded social scientists, sociologists, social workers, production/functional managers, and teaching professionals (OECD, 2016, pp. 282-283) .
Children's Family Background
The highest level of parental/guardian education was measured via 'National Vocational Qualification' levels: the highest level was determined across the parents/guardians who responded when their child was aged 11, and again for the highest level across the two parents/guardians who responded when their child was aged 14. The levels reflected (0) 'no relevant qualifications', (1) 'secondary school qualifications (e.g. GCSE [General Certificates of Secondary Education]) or equivalents below grade C', (2) 'secondary school qualifications or equivalents at grades A-C', (3) 'upper-secondary school qualifications (e.g. A-Level [Advanced Level General Certificates of Education]) or equivalents', (4) 'first university degrees or equivalent diplomas', and (5) 'higher (post-graduate) degrees or equivalent diplomas'. For contextualisation, levels 3, 4, and 5 on this scale reflect not-compulsory education. Secondary school qualifications such as GCSEs are taken around age 15/16 (Year 11) in England, after which education is not compulsory; non-compulsory upper-secondary qualifications such as A-Levels are usually taken around age 17/18 (Year 13). Higher levels of parental education may reflect an aspect of 'cultural capital', where qualifications may have symbolic and/or exchange value within society (Archer, Dawson, DeWitt, Seakins, & Wong, 2015a) .
The highest level of parental/guardian socio-economic status was similarly considered (across the parents/guardians who responded when their child was aged 11 and again when their child was aged 14) via the 'National Statistics Socio-economic Classification' (NS-SEC) scheme (which considers someone's occupation and employment status, managerial responsibilities, and workplace size; Rose et al., 2005) . The levels reflected (1) 'routine occupations', (2) 'semi-routine occupations', (3) 'lower supervisory and technical occupations', (4) 'small employers and own account workers', (5) 'intermediate occupations', (6) 'lower managerial, administrative, and professional occupations', and (7) 'higher managerial, administrative, and professional occupations' (Rose et al., 2005 ; Office for National Statistics, 2010b). These labels are only illustrative because two people with the same occupation could be classified with different statuses, depending on having less/more managerial responsibilities and/or working in smaller/larger organisations (Office for National Statistics, 2010b). Higher socio-economic status may reflect generalised 'advantage' within society (Rose et al., 2005) .
Children's Characteristics
The children's gender, ethnicity, and age (in months as of the start of 2015) were considered. Preliminary analysis revealed no differences in gender from age 11 to 14, and few differences in ethnicity (56 out of 7820 children reported differently). Given the small number of differences, and for brevity/efficiency, the children's ethnicity as of age 14 was considered (exploring the implications of any changes in ethnicity over time remained outside of the research scope).
Children's Views
The children's wider views were measured via questionnaires at age 11 and age 14. However, only a limited selection of aspects/areas was consistently measured at both times; other aspects/areas were only measured at age 11 or age 14 but not both, and/or remained outside of the research scope.
Children's self-confidence was measured through their disagreement/agreement with 'I am good at English', 'I am good at Maths', and 'I am good at Science', via response categories of (1) 'strongly disagree', (2) 'disagree', (3) 'agree', and (4) 'strongly agree'. These indicators reflect subject-specific or domain-specific self-confidence, sometimes referred to as academic 'self-concept beliefs' (Bong and Skaalvik, 2003; Eccles, 2009 ).
Children's experiences and motivations concerning their education were measured across multiple questions ('How often do you try your best at school?', 'How often do you find school interesting?', 'How often do you feel unhappy at school?', 'How often do you get tired at school?', 'How often do you feel school is a waste of time?') via response categories of (1) 'never', (2) 'some of the time', (3) 'most of the time', and (4) 'all of the time'. Confirmatory factor analysis via maximum-likelihood estimation affirmed that these items could be aggregated into a single indicator of the children's school motivation. The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.763 at age 11 and 0.743 at age 14; the Kaiser-Meyer-Olkin measure affirms that the items are likely to form one factor (shown via values being above 0.500). Bartlett's test of sphericity was significant at age 11 (χ 2 (10) = 5898.156, p < 0.001) and age 14 (χ 2 (10) = 6265.789, p < 0.001); Bartlett's test affirms that the items are not independent (via considering their correlation matrix). One single factor was observed across the items (rather than multiple factors emerging) at age 11 (the single factor reflected 2.312 Eigenvalues and 46.2% of the variance across the items, where factors above 1 Eigenvalue are commonly considered to be meaningful) and age 14 (the single factor reflected 2.284 Eigenvalues and 45.7% of the variance across the items). Additionally, acceptable reliability across the items was seen at age 11 (Cronbach's alpha = 0.707) and age 14 (Cronbach's alpha = 0.699); Cronbach's alpha reflects the internal consistency of the items when they are considered together, and values above 0.700 are commonly considered to be acceptable (in this situation, 0.699 is sufficiently close to 0.700 to be pragmatically acceptable). The responses/categories were re-coded as necessary so that higher response values consistently reflected positive views/experiences (e.g. for 'How often do you feel unhappy at school?' the response categories were re-coded as (1) 'all of the time' to (4) 'never'), and the average across the items was calculated to produce a single indicator of school motivation.
Children's self-esteem was measured through disagreeing or agreeing with multiple statements ('On the whole, I am satisfied with myself', 'I feel that I have a number of good qualities', 'I am able to do things as well as most other people', 'I am a person of value', and 'I feel good about myself'), via response categories of (1) 'strongly disagree', (2) 'disagree', (3) 'agree', and (4) 'strongly agree'. These statements reflect an established measure of self-esteem (Rosenberg, 1965) . Factor analysis highlighted that these items could be aggregated: the Kaiser-Meyer-Olkin measure of sampling adequacy was 0.798 at age 11 and 0.873 at age 14 (both above the threshold of 0.500); Bartlett's test of sphericity was significant at age 11 (χ 2 (10) = 6692.476, p < 0.001) and age 14 (χ 2 (10) = 23325.566, p < 0.001); one single factor was observed across the items at age 11 (reflecting 2.480 Eigenvalues and 49.6% of the variance across the items) and age 14 (reflecting 3.636 Eigenvalues and 72.7% of the variance across the items). Additionally, acceptable reliability was seen at age 11 (Cronbach's alpha = 0.741) and age 14 (Cronbach's alpha = 0.905). The responses/categories were coded so that higher values consistently reflected positive self-esteem, and the average across the items was calculated to provide a single indicator of self-esteem.
Analytical Approaches
Across the analysis, the standard criterion (p < 0.05) was used as an indicator of 'statistical significance'.
Sample-weighting
The Millennium Cohort Study used stratified and clustered sampling, and attrition has also occurred over time (Fitzsimons et al., 2017) . Accordingly, the latest sample-weighting was applied across the analysis, via 'complex samples' software functionality (which mitigates the slight risk of 'false positive' results that might otherwise occur from the stratified/clustered sampling design; Jones & Ketende, 2010) .
Missing responses/values
Statistical approaches such as predictive modelling usually only consider cases (children) when there is information (responses) for every single indicator (predictor), which often entails that cases are excluded from analysis; even if information is missing for only one predictor (but information is available for all other predictors) then the case would still be excluded. In order to consistently consider all 7820 children, estimates of any missing responses/values were produced using expectation-maximisation, which is considered one of the best contemporary approaches to handling missing information (IBM, 2014; Peugh & Enders, 2004) . Preliminary analysis highlighted that the same results/conclusions emerged regardless of whether missing responses/values were estimated or not (i.e. affirming that the findings were not dependent on these methodological/analytical aspects). The presented results therefore included estimates of missing responses/values, which allowed all 7820 children to be consistently analysed.
Predictive Modelling
The predictive models used logistic regression, given that the children's aspirations were coded as either science-related or not, and the predictive odds ratio (the exponential of the predictive coefficients) are reported. For one unit increase in the predictor, odds ratios above 1 reflect increasing likelihood of the outcome being observed (i.e. the child having science-related aspirations rather than not) while odds ratios below 1 reflect decreasing likelihood. Odds ratios can be easily converted into the percentage change in odds (percentage change in odds = (odds ratio -1) × 100). For example, an odds ratio of 1.433 reflects that one unit increase in the predictor increases the odds of someone expressing science-related aspirations by 1.433 (or (1.433 -1) × 100 = 43.3%).
For the categorical predictors, the odds ratios reflect comparisons. For gender, the odds ratios show decreasing or increasing likelihood of the outcome being observed for boys compared to girls. For ethnicity, the odds ratios reflect comparisons against those reporting White backgrounds. For example, an odds ratio shows decreasing or increasing likelihood of the outcome being observed for those reporting Indian backgrounds compared to those reporting White backgrounds, another odds ratio shows decreasing or increasing likelihood of the outcome being observed for those reporting Pakistani backgrounds compared to those reporting White backgrounds, and so on. This approach was unavoidable, because considering categorical indicators within predictive modelling has to involve one category being set as the 'reference' category to be compared against (Cohen et al., 2003) . In this context, reporting a White background was set as the reference category because this was reported by the majority of children, so that the results could then reveal whether those reporting other backgrounds were more or less likely to report science aspirations (i.e. to help reveal any potential disadvantage/inequity linking with minority ethnicities/backgrounds and therefore consider whether and where support might plausibly need to be focused). Considering any disadvantage/inequity linking with minority ethnicities/backgrounds remains a concern for sciencerelated fields (Institute of Physics, 2013 Royal Society, 2006 , 2008a , 2008b WISE, 2014) .
The predictive models considered children's science-related aspirations (encompassing science/engineering, medicine/health, information/technology, and technicians). For additional insight, science/ engineering aspirations and medicine/health aspirations were also predicted separately. Preliminary analysis highlighted that there were too few children reporting information/technology or technician aspirations for reliable modelling to be undertaken for those separate areas.
The models predicted the children's age 11 aspirations using indicators measured at age 11 in order to provide an initial cross-sectional view. Further models then predicted the children's age 14 aspirations using their earlier age 11 aspirations and the indicators measured at age 11 and age 14, to reveal what might plausibly associate with children's subsequent aspirations while accounting for their earlier aspirations and views (i.e. whether/how change might be possible).
Results
Sample Summary
On average (Table 1) , 20.8% of the cohort expressed science-related career aspirations at age 11; more specifically, 6.9% expressed science/engineering aspirations, 13.2% medicine/health aspirations, 0.8% information/technology aspirations, and 0.7% technician aspirations. At age 14, 24.3% expressed science-related career aspirations; more specifically, 9.5% expressed science/engineering aspirations, 12.1% medicine/health aspirations, 3.3% information/technology aspirations, and 0.3% technician aspirations. Children could express multiple aspirations, so the overall science-related percentages are not necessarily the sum of the more specific percentages. On average (Table 1) , more children expressed science-related aspirations at age 14 than at age 11, although their self-confidence, school motivation, and self-esteem were slightly lower at age 14.
Predictive Models
Aspirations at Age 11
The initial models predicted the children's science-related aspirations at age 11 (Table 2, Table 3, and  Table 4 ). For ease of interpretation, the tabulated odds ratios are described as percentage changes in odds (i.e. (tabulated odds ratio -1) × 100).
At age 11, children's science-related aspirations ( Table 2) were more likely: for Bangladeshi children (124.9% more likely, compared to White backgrounds), Pakistani children (111.4%), Black African children (77.6%), children from 'other' ethnicities (74.8%), and Indian children (45.7%); with higher science self-confidence (43.3% more likely, per 1 unit increase on the 1-4 scale); with higher school motivation (26.7%, per 1 unit increase on the 1-4 scale); and when parents/guardians had higher levels of education (7.2%, per 1 unit increase on the 0-5 scale) and higher socio-economic status (6.6%, per 1 unit increase on the 1-7 scale). Children's science-related aspirations were less likely: when ethnicity was unknown (52.6% less likely, compared to White backgrounds); for boys (43.9% less likely than girls); and with higher self-esteem (17.1% less likely, per 1 unit increase on the 1-4 scale).
At age 11, children's specific aspirations towards science/engineering (Table 3) were more likely: with higher science self-confidence (109.1% more likely per unit increase); for boys (102.6% more likely than girls); with higher school motivation (42.2% per unit increase); and when parents/guardians had higher levels of education (21.6% per unit increase). Science/engineering aspirations were less likely: for children with unknown ethnicities (70.8% less likely, compared to White backgrounds); for Pakistani children (51.7% less likely); and with higher self-esteem (31.0% less likely per unit increase).
At age 11, children's specific aspirations towards medicine/health (Table 4 ) were more likely: for Pakistani children (231.5% more likely, compared to White children), Black African children (169.4%), Bangladeshi children (153.5%), children from 'other' ethnicities (106.9%), and Indian children (94.6%); when either parents/guardians worked within medicine/health (77.4%); for mixed ethnicity children (39.3%); with higher school motivation (38.0% per unit increase); and with higher science selfconfidence (20.0% per unit increase). Children's medicine/health aspirations were less likely for boys (78.4% less likely, compared to girls).
Particular differences across science/engineering aspirations (Table 3 ) and medicine/health aspirations (Table 4) were that: parents/guardians working within medicine/health predicted increased likelihood of children expressing medicine/health aspirations, but an equivalent association was not observed for science/ engineering; boys were predicted to be more likely to express science/engineering aspirations and less likely to express medicine/health aspirations; children from Pakistani backgrounds were predicted to be less likely to express science/engineering aspirations and more likely to express medicine/health aspirations.
Aspirations at Age 14
Further models predicted the children's science-related aspirations at age 14 (Table 5 , Table 6 , and Table 7) . At age 14, children's science-related aspirations (Table 5 ) were more likely: when children held earlier science-related aspirations at age 11 (146.8% more likely); with higher science self-confidence at age 14 (83.3% per unit increase); for Bangladeshi children (59.3%); for Pakistani children (49.6%); with higher school motivation at age 14 (36.0% per unit increase); and when either parent/guardian worked within science-related fields at age 14 (28.9%). Children's science-related aspirations were less likely: when children had an unknown ethnic background (90.4% less likely); and when children had higher English self-confidence at age 14 (9.9% less likely per unit increase). At age 14, children's specific aspirations towards science/engineering (Table 6 ) were more likely: when children held science/engineering aspirations at age 11 (244.9% more likely); for boys (123.5% more likely than girls); with higher science self-confidence at age 14 (106.0% per unit increase); and with higher school motivation at age 14 (49.4% per unit increase). Science/engineering aspirations were less likely: when children had an unknown ethnic background (86.8% less likely); and with higher English self-confidence at age 14 (16.5% less likely per unit increase).
At age 14, children's specific aspirations towards medicine/health (Table 7) were more likely: when children held medicine/health aspirations at age 11 (254.3% more likely); for Pakistani children (138.1%); for Bangladeshi children (70.2%); with higher science self-confidence at age 14 (69.3% per unit increase); for children with an 'other' ethnic background (68.8%); and for Black African children (64.0%). Medicine/ health aspirations were less likely: for children with an unknown ethnic background (94.6% less likely); for boys (74.2% less likely than girls); and with higher mathematics self-confidence (12.9% less likely per unit increase). Particular differences across science/engineering aspirations (Table 6 ) and medicine/health aspirations (Table 7) were that: boys were again predicted to be more likely to express science/engineering aspirations and less likely to express medicine/health aspirations; most ethnicity associations were only apparent for medicine/health aspirations; higher English self-confidence at age 14 associated with lower likelihood of science/engineering aspirations (but was not relevant to medicine/health aspirations); higher mathematics self-confidence at age 14 associated with lower likelihood of medicine/health aspirations (but was not relevant to science/engineering aspirations); and higher school motivation associated with higher likelihood of science/engineering aspirations (but was not relevant to medicine/health aspirations).
Discussion
The presented results provided important insights through considering and quantifying how children's science-related aspirations associated with their family backgrounds, personal characteristics, and personal views from age 11 to age 14. Overall, children's personal views and personal characteristics appeared most relevant to their aspirations, including children's science self-confidence and children's gender and ethnicity, while some aspects of family backgrounds also remained relevant. The longitudinal methodology also allowed an important insight to emerge: many factors associated with aspirations as of age 14, over and above aspirations as of age 11, highlighting that changes are indeed possible. Nevertheless, the influence of gender and ethnicity at both time points highlighted that inequalities may increase over time, so that increasing accessibility and mitigating inequality needs to remain a priority for science education and for the wider fields of science. The associations between children's aspirations and family backgrounds (the level of parental/ guardian socio-economic status, the level of parental/guardian education, and whether parents/ guardians work within a science-related field) were variable across age 11 and age 14 and across the fields within science. This provides another important insight: any influences from family backgrounds may be more complex than previously considered or assumed (Archer, Dawson, DeWitt, Seakins, & Wong, 2015a; Ashby & Schoon, 2010; Bukodi et al., 2015; DeWitt & Archer, 2015; Macmillan et al., 2015) . New insights also arose through considering the children's specific aspirations towards science/engineering and medicine/health. For example, at age 11, children's specific aspirations for science/engineering careers were independently more likely when parents/ guardians had higher levels of education (while the other aspects of family background were not relevant), together with other predictors; conversely, at age 11, children's specific aspirations for medicine/health careers were independently more likely when parents/guardians worked within medicine/health (while the other aspects of family background were not relevant), together with other predictors. Further support from schools and society may be beneficial to help make some careers more accessible, for example when parents/guardians might not be available as role models and to help mitigate against disadvantage entailing more disadvantage (such as lower levels of parental/ guardian education influencing and potentially limiting children's aspirations).
The following sections consider and contextual the results in more detail, and highlight further insights and implications.
Aspirations at Age 11
Across the nationally-representative sample of children in England surveyed by the Millennium Cohort Study, 20.8% expressed science-related aspirations at age 11 (surveyed in 2012); 6.9% expressed specific aspirations towards science/engineering and 13.2% expressed specific aspirations towards medicine/health.
The predictive models revealed that children's science-related aspirations at age 11 were independently more likely for Bangladeshi, Pakistani, Black African, and Indian children (compared to White children), for children with higher science self-confidence, for children with higher school motivation, but less likely for boys than girls. These findings cohere with prior research highlighting ethnicity differences (Archer, DeWitt, & Osborne, 2015b; Wong, 2015) , and with prior studies and theoretical perspectives that emphasise the importance of children's self-confidence (Bøe & Henriksen, 2015; Eccles, 2009 ). However, the presented results contrast with prior research into gender differences, where boys have often appeared more likely to express science aspirations (e.g. Archer et al., 2017; Institute of Physics, 2013) . The difference followed from considering children's overall 'science-related' aspirations: the detailed results clarified that boys were predicted to be more likely to express science/engineering aspirations and less likely to express medicine/health aspirations, which indeed coheres with prior research into physical science and engineering gender differences (EngineeringUK, 2018; Institute of Physics, 2013; Royal Society, 2008b) . The presented results therefore extend prior research through clarifying the situation regarding medicine/ health via a large-scale and nationally-representative cohort. Additionally at age 11, children's science-related aspirations were more likely with higher levels of parental/guardian socio-economic status and education, although these had relatively modest predictive magnitudes. This extends prior research, which has often shown general benefits arising from family advantage but without considering aspirations towards specific fields (Ashby & Schoon, 2010; Bukodi et al., 2015; Macmillan et al., 2015) . There was no independent predictive association between parents/ guardians working within science-related fields (as of their children being aged 11) and the children's science-related aspirations at age 11; however, parents/guardians specifically working within medicine/ health associated with increased independent likelihood of children's medicine/health aspirations at age 11, but there was no equivalent independent association between parents/guardians working in science/ engineering and children's aspirations towards science/engineering, when accounting for the various other predictors. These findings therefore reveal a new and important distinction. Prior studies have highlighted the broad relevance of parents/guardians working within science-related fields, which may facilitate parents/guardians to provide direct and/or indirect influences on their children's aspirations such as advice and/or other support (Archer, Dawson, DeWitt, Seakins, & Wong, 2015b; DeWitt & Archer, 2015) . Future research may benefit from detailed explorations of these areas in order to clarify how any potentiallyindirect influences may occur, and for which specific fields/occupations. When specifically considering aspirations towards science/engineering and medicine/health at age 11, important differences were also highlighted: boys were more likely to express science/engineering aspirations and less likely to express medicine/health aspirations; concurrently, children from Pakistani backgrounds were less likely to express science/engineering aspirations and more likely to express medicine/ health aspirations. This coheres with prior research highlighting that physical sciences may be perceived as more accessible to boys and that medicine/health may be perceived as more accessible to girls (Archer, DeWitt, & Osborne, 2015b; Archer et al., 2017; Royal Society, 2006 , 2008b . Prior qualitative research has also highlighted that medicine/health may be perceived as more accessible for children from minority ethnic backgrounds (Aschbacher et al., 2010; Wong, 2015) , and the presented results provide important evidence to confirm this from a large-scale quantitative perspective.
Additionally, at age 11, children's self-esteem had a negative predictive association with science-related aspirations: lower self-esteem predicted higher likelihood of science-related career aspirations, when accounting for the other predictors. Considering and supporting children's well-being is increasingly important within education and society (OECD, 2015) , but little research appears to have considered any links between aspects of well-being (such as self-esteem) and studying science or aspiring towards science careers. Science can be perceived to be difficult or challenging (e.g. Archer et al., 2017) , and it is possible that this may influence children's well-being and decisions to study science. Further research into these areas may be beneficial, and could help clarify whether any children might benefit from particular support in school.
Aspirations at Age 14
Science-related aspirations were expressed by more children at age 14 as of 2015 compared to at age 11 as of 2012: 24.3% of the cohort expressed science-related aspirations at age 14 compared to 20.8% at age 11. Specific aspirations towards science/engineering were also higher (9.5% at age 14 compared to 6.9% at age 11), while specific aspirations towards medicine/health remained similar (12.1% at age 14 compared to 13.2% at age 11, where the difference was not statistically significant). For contextualisation, for children in England aged 15 surveyed in 2015 through the Programme for International Student Assessment, 29.7% expressed science-related aspirations, with 13.0% expressing specific aspirations towards science/ engineering and 13.8% towards medicine/health (OECD, 2016, p. 447) .
The predictive modelling presented here revealed that, at age 14, children's science-related aspirations were independently more likely when the children held earlier science-related aspirations at age 11, with higher science self-confidence at age 14, for Bangladeshi and Pakistani children (compared to White children), with higher school motivation at age 14, and when either parent/guardian worked within science-related fields at age 14. Children's science-related aspirations were less likely when their ethnicity was unknown and with higher English self-confidence at age 14. When specifically considering aspirations towards science/engineering and medicine/health at age 14, boys were again more likely to express science/ engineering aspirations and less likely to express medicine/health aspirations, and most ethnicity associations were only apparent for medicine/health aspirations.
These findings broadly highlight the importance of early science-related aspirations (from age 11), but that changes in aspirations are still possible. For example, higher science self-confidence at age 14 predicted increased likelihood of science-related aspirations at age 14, over and above earlier science-related aspirations, earlier science self-confidence, and all of the other indicators. Nevertheless, this conversely highlighted that lower science self-confidence would entail that children might move away from sciencerelated aspirations. Prior research has indeed linked decreasing science self-confidence with movements away from science during secondary school, together with the children having increasing or competing interests in other areas, less access to extra-curricular activities, and less school and/or family support (Aschbacher et al., 2010) . Many other prior studies have associated children's science-related aspirations and/or studying choices with their science self-confidence, their interest in science, and how useful studying or working within science is considered to be, together with various other factors (DeWitt & Archer, 2015; Mujtaba & Reiss, 2014; Regan & DeWitt, 2015; Tripney et al., 2010) . Most of these factors were not measured within the Millennium Cohort Study, which highlights the benefit of further research.
Children's gender and ethnicity had independent associations with their aspirations at age 11 and also at age 14, accounting for all of the other predictors. Essentially, differences in aspirations across children with different personal characteristics may increase over time, which suggests the benefit of support and interventions. In the presented results, the children's gender associated with their aspirations even after accounting for their science self-confidence, which has also been seen in prior studies (e.g. DeWitt & Archer, 2015; Mujtaba & Reiss, 2014) . Essentially, girls and boys potentially having different levels of science self-confidence may not necessarily or always be an underlying cause of differences in science aspirations. Wider aspects of life may be relevant, such as perceived stereotypes, norms, and beliefs about fields of study and work (e.g. Archer et al., 2017; Wong, 2015) , although further research will be necessary in order to (quantitatively) clarify how these may influence aspirations.
Wider Implications and Limitations
The presented results highlighted that science-related aspirations can increase, on average, during the early stages of secondary school in England (from age 11 to age 14), although it remains unclear whether these children would study non-compulsory science subjects in upper-secondary school (after age 16) and/or at university (after age 18/19). Nevertheless, benefit may arise from highlighting that positive changes are possible: dissemination and discussion regarding issues within science education may help prompt stakeholders towards action but may not necessarily help inspire or reassure children. Given the presented results from the various predictive models, which highlighted gender and ethnicity differences, wider support might involve ensuring that children are aware of the benefits of studying and following careers in science, together with addressing assumptions and/or stereotypes regarding who can and/or does work within science and also medicine (e.g. Archer et al., 2013; Archer et al., 2017) . This might facilitate more girls to aspire towards science/engineering and more boys to aspire towards medicine/health, so that both fields then become more accessible and diverse.
The presented results highlighted that children from most ethnic backgrounds other than White were more likely to have aspirations towards medicine/health careers (accounting for all of the other considered factors). It is possible that this links with many children perceiving medicine to be visibly diverse and accessible (Wong, 2015) , which suggests the benefit of increasing the visible diversity of fields such as the physical sciences and engineering. Children might be able to encounter a diverse workforce in medicine within everyday life (for example when visiting doctors, dentists, and other practitioners, together with seeing media representations), while children might have fewer chances to encounter physical scientists (other than through media representations). Various practical actions may be beneficial, including tangible outreach and engagement with diverse scientists through schools, together with increased attention towards increasing diversity within science-related and general media.
The predictive models highlighted that the considered factors only explained relatively modest amounts of variance in the children's science-related career aspirations. This implicitly provides a wider insight: while family circumstances may associate with (and hence facilitate or constrain) children's career aspirations, children's own agency and any number of (unmeasured) other factors may be more relevant (such as children's beliefs about occupational fields being interesting, useful, and/or otherwise rewarding; e.g. DeWitt & Archer, 2015; Mujtaba & Reiss, 2014) . Nevertheless, the modest levels of explained variance may partially reflect that dichotomous indicators are generally harder to predict than rating-scale/linear indicators. Further research may benefit from applying multiple modes of measurement, including free-text responses and also agreement/disagreement scales.
The analysis was unavoidably limited by the available data within the Millennium Cohort Study: most obviously, no measures of science attainment were present within the publicly-available data. Selfconfidence reflects someone's interpretations of their attainment and abilities (Bong & Skaalvik, 2003) , but may not necessarily correspond to classroom and/or examination attainment. Numerous other aspects of life may also help explain the development of children's aspirations and/or their changing aspirations (e.g. Bøe & Henriksen, 2015) .
Science-related career aspirations were defined following an international definition for increased contextualisation and comparability (OECD, 2016, pp. 282-283) : essentially, the presented results are directly comparable with any analysis that also uses the OECD definition, which includes (most importantly) the Programme for International Student Assessment (OECD, 2016) . Nevertheless, the study originally hoped to also consider specific aspirations towards information/technology careers and technician careers, but preliminary analysis highlighted that there were too few children reporting these aspirations for reliable modelling to be undertaken for those areas. Other analytical approaches and/or categorisation of aspirations may be necessary in order to reveal more insights; ideally, research would also consider children's aspirations towards even more specific careers/occupations. Finally, and from a wider perspective, promoting the feasibility of science careers for all children may be beneficial, but careful balancing of foci towards supporting children and towards changing education and the fields of science may be necessary. For example, further guidance and training may need to address assumptions and stereotypes held by others, such as those within the fields of education and/or science, otherwise these may remain unchallenged and unchanged.
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